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o Concentrations of lead in the tissues of children
!

! PSI BARRY
rom the Associated Ocrel Company Limited, Ellesmere Port, South Wirral L65 4HF, UK

’ ABSTRACT Twenty-four different tissues from 73 children and infants, including stillbirths, were
analysed for lead content. In the youngest group of 49 infants aged under | year, including 14
stillbirths. the mean concentratioas of lead in their soft tissues were all less than 0:3 ppm and nearly
all less than the concentrations found in the soft tissues of older children, or of adults. The mean
concentrations of lead in the bones in the infant group were greater than in their soft tissues, but

, still less than 1 ppm, and were 1040 times less than in adult bones and about three times less than in

the bones of older children. Lower concentrations of lead were observed in the tissues of stilibirths

than in those of neonatal live births, at a 95%, level of significance by analysis of variance. In 24

children aged 1-16 there was no clear evidence of increase of [ead concentrations in the bones with

increasing age; neither was there evidence of a difference in the coacentrations of lead in types of

l bone. Although the mean concentrations in the bones were greater in the children aged 1-16 than in

those of infants aged under | year, the data did not suggest that a progressive accumulation of lead

occurred in the bones, probably before the end of the second decade of life, by which time the

growing phase will be nearing completion. In 18 children aged 1-9 and in six children aged 11-16

the concentrations of lead in the soft tissues were similar, and comparable with those observed in

woren.

The ratio differences between ash-weight and wet-weight measurement in the different types of
bone in children did not differ proportionately from the adult ratios, suggesting a similarity in the
' patterns of deposition of lead in bone, irrespective of age. No differences in tissue lead concentrations
by sex were observed in the infant group of children, or when the concentrations in the tissues were
related to the years in which the samples were obtained. Individual tissues showed different concen-
trations and patterns of distribution of lead, which were skewed more towards low values in the
infant group than in older children. The results of other studies, of which there have not been many,
were found to be in general agreement with those reported here. The exposure of infants to lead
appeared to be less than in older children or in adults, probably for reasons associated with lack of
availability and parental care.

Considerable interest, with an associated concern, contemporary adult values. Samples were obtained.
has been expressed in recent years in the poteatial most of them since 1975, between 1966 and 1979
effects of the lead in our environment on the health from children drawn frcm a predominantly indus-

of young children. It has been suggested tha¢ children trialised area in the north-west of England.
may be more sensitive to lead than adults and, for Twenty-four different types of tissue were obtained
reasons of metabolic difference, may also absorb from 73 children aged from stillbirth to 16 years.
proportionately more lead by the gastrointestinal The children were divided jnto age groups compris-
and pulmonary routes. ing stilibirths and those with a very short postpartum
To assess the concentrations of lead present in life span (29 cases), from 1 to 11 months (20), from
contemporary children of different ages, post- 1-9 years (18), and from 11-16 (6). The lead content
mortem tissue samples were obtained for analysis of in the tissues in these age groups was compared with
their lead content and the resuits compared with the lead content in the same tissues in 60 men and
36 women (aged 18-94) with no history of occupa-

Received 31 January 1980 tional exposure to lead. ) :
Accepted 6§ March 1930 For various reasons it was not aiways possible to
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obtain tissue samples that had been requested. so
that, for the most part, the number of samples
analysed shown in the results did not equate with the
number of individual children from whom samples
were obtained. None of the children had been known
to have had an unusual exposure to lead, but in a
few cases the results suggested an excess exposure,
relative to their peers; these will be referred to indi-
vidually, as also will morbidity and the causes of
death in the separate age groups.

Analytical procedures
Up to May 1977 the technique used for analysing

lead in the tissues was the dithizone method of
Bambach and Burkey, described by Barry and

Barry

Mossman.? Many of the samples received after May
1977 were too smail in size to be suitable for analysis
by the dithizone method. From then, up to August
1978, the tissues of 13 children were anaiysed by
atomic absorption spectrophotometry (AAS) after
digestion of the samples with nitric acid.

From September 1978 to June 1979, after which
no further samples were obtained. the tissues of 10
infants, all of which were of even smaller sample
size, were analysed by AAS after dissolution’ of the
sampies in a quaternary ammonium hydroxide solu-
tion in toluene, known as Soluene 350. Both of the
AAS methods were checked against the Bambach
and Burkey dithizone method before use.

Samples that were received, but not anaiysed
immediately on receipt at the laboratory, were

Table } Concentrations of lead in tisswes of infant children (ppm wer weight)
Tissue 0-12 days 111 months 0-11 months
No Meon SD Range No Mean SD Range No Meen SO Range
Blood
(s molil) 28 0% 028 o-1%-1-21 13 08 038 005-1:35 4 03 03 0-08-1-33
(g/100 mi) 11-3 58 40290 11-3 79 . “1-1-28°0 -3 3 1-1.280
Bone: .~
Rid (M’) b4 093 1-06 003540 20 090 098 0-01.290 49 093 102 0-01.3-40
/ ) 28 o079 063 0-03-2-30 48 o4 O 0-61-2-9%0
Tibis W 2 o356 043 002-190 16 082 093 0-04-4-00 43 ¢6s O 0-02.4-00
15 o6t 040 0-06-1-34 44 o8 o4 0-02-1-90
Calvaria  Jonts) 23 ¢ 0% 010210 14 06l 06 00608 19 066 04 006210
Liver b 013 007 003037 20 o4, 0% 0-06-2:10 & 028 038 0-03-2-10
12 0-26 o-19 006-0-8¢ 47 o1 o 0~030-84
Splesn b ] 1S 04 0-020:34 20 o-1s 013 002-0-54 48 015 014 0-020-5¢
Kidoey:
Cortex i) 012 006 0-02.0-28 16 031 0-53 0-01-2-30 7 20 026 0-02-2:30
15 017 014 0-010-47 36 o014 009 0-020-47
Medulla b1} o011 009 0-010-31 16 o1& 013 0-01-0-54 37 013 o010 0-01-0-34
13 o-l4 008 0-01-0-26 36 o012 008 00103}
Combined 2 16 007 0-02-0-27 20 0-21 -2 ] 001-1-42 49 015 01¢ 0-01-1'42
19 o5 o 0-01037 48 012 008 o-010-17
Adrenal o0 o020 0-02-0-82 14 030 o4l 0-01-160 39 o4 o7 0-01-1-60
13 00 Ol 001072 J8 020 oIy 0-010-82
Pancreas 17 019 014 0-020-%) 15 0-)9 06l 0-01-2-50 32 02 03 0-01.2-50
14 024 o-17 0-010-56 31 o2 Ol6 0-01-0-56
Thymus 19 o1 o 0-02.0-78 11 011 011 0-01.0:36 012 018 001078
18 009 007 0-02-0-28 29 010 009 0-010-)6
Thyroid 16 02 04l 002-1-30 13 0-21 o3 0-01.1:10 29 024 036 0-01-1-30
14 0-41 007 0-020-26 12 014 09 001027 26 o012 008 001027
Brain cortex b24 003 006 0-01020 19 007 o008 0010:34 46 006 007 0-01.0'34
Lung . 006 0-0¢ 0-010-16 20 0-07 004 002.0-13 & 006 004 0014018
Heart 2 10 02 0-01-1-30 19 00 004 001019 48 008 016 0-01-4:30
P24 003 0903 0-010-13 46 003 003 0-010-19
Aorta 20 22 o 0-02-1-10 1« 019 OIS 005048 34 o2t 02 0-02-1-10
14 o ou 002-0-40 : n o-ts 013 0:020-48
Muscie 22 ot o111 0-010-48 17 008 009 0-020-36 46 o106 ¢10 001048
28 009 009 0-010-31 16 0086 003 0020-29 44 008 008 0-01-0-3¢
Fat 13 o018 Oié 0-02L0-38 10 014 000 0010-30 25 016 0113 0-010-5§
Skia n 0)5 046 0-02-190 14 018 OI8. 00106 029 036 0-01-1-90
23 o2é 020 002063 39 022 019 0014065
Dense connective tissus 1) 014 014 001048 13 012 008 0-030:18 36 013 o1y 0-01-0-48
Cartilage 23 016 015 001046 14 027 0% 0-02-2:10 39 019 028 001-2110
n o013 on 0-02:0-30 38 014 0O-le 0-01.0-50
Gasuointestinal tract:
Stomach » ot3 ot 002047 18 006 004 0010-14 &7 o1l o0 0-01-0-47
Cascum 23 ¢25s 027 001110 16 009 008 0-010-37 39 {9 o1y 0ul-1-10
2H oI 0Ol6 001058 ” o5 o013 0-010-58
Midgut 29 o4 G110 0-02-0-37 17 Qo9 005 0-020-22 46 . 012 o008 0-020-37
Figures in italics exciude highest vaiues. PR -3
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Concentrations of lead in the tissues of children

weighed and then kept in deep freeze conditions
before analysis at a later date.

Discussion of results

The mean concentrations of lead found in the tissues
of the chiidren and in adults are shown in tables
1-4, expressed in parts per million on wet-weight
measurement. The figures in italics represent the
values found when a high outlying result was
excluded from the total.

The neonatal group of children, of both sexes,
whose results are shown in table 1, was composed
of 14 stillbirths, 14 who died within three days of
birth, and one who died on the twelfth day after
birth. In most cases birth weights were less than the
average for normal healthy full-term infants. Causes
of death were attributed to prematurity, intra-
uterine asphyxia, atelectasis, pre-eclamptic toxaemia,
and congenital defects, such as patent foramen ovale,
hydramnios. spina bifida, hydronephrosis, diaphrag-
matic hernia. and transposition of the great vessels.
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The 12-day-old boy died from a persistent truncus
arteriosus. One girl, who was born two months
prematurely and died four hours after birth, showed
rather higher concentrations of lead in some of her
tissues than did the other infants in the group. No
history of undue maternal exposure to lead was
obtained, but this infant had probably been exposed
to lead in-utero to a greater degree than her peers.
Table 1 also shows the results in the group of 20
infants, of both sexes, aged from 1 10 11 months.
Causes of death included asphyxia, sudden deaths of
unknown aetiology, chest infections, meningitis, and
congenital defects. In one 8-month-old girl, who had
sucked painted toys, lead encephalopathy was sus-
pected clinically, but this was not confirmed by the
results of blood and tissue analyses. In another girl
aged 9 months the concentrations of lead in the
tissues were higher than in those of others in the
group, although not appreciably so. There was no
obvious explanation for the difference, but she had
suffered from chronic otitis media and had died from
meningitis; with such a history it is not inconceivable

Table 2 Concentrations of lead in tissues of stillbirths and neonaral live births aged less than 2 weeks (ppm wet

weight)
Tisswe Stillbirchs Live births
No Mean $D Range No Mean sD Range
Blood
(» Bl 13 0-31 02 0:20-1-21 18 039 031 0-19-1-21
(sg/100 mi) 10:6 352 4-2.28-0 12-3 64 4-0-25-0
Bone:
Rib 14 0-62 0-58 009-1-51 15 128 1-30 0-08-5-40
14 0-97 066 0-08-2-30
Tiea 14 [ 2.} 0-40 0-02-1 83 13 063 0-46 0:06-1:90
Caivaria 11 0-46 0-29 0-14-0-96 14 087 062 0:10-2:10
Liver 14 010 003 0-03-0-17 3 016 008 0-05-0-37
Spleer 13 012 0.4 002053 [ o7 o114 0-04-0-54
Kigaey:
Cortex 9 0-09 0-06 004-0-23 12 014 0-06 002-0 22
Medulla 9 0-09 ot 001027 12 vil 0-08 0-01.0:31
.Combined 14 0-08 006 002026 15 o113 007 0-02.0-27
Adrenal 11 [ J } ] [ JdF} 0-02.0-46 14 0-23 023 0-03.0-82
Paocreas 9 016 017 002-0-53 8 0-22 o010 0-09-0-33
Thymus 1l o-1? o2 0-020-78 8 0-07 003 0:03-0-12
10 oIt 0-68 002028
Thyroid ] 011 009 0-02-0-26 1} 041 0-53 0-05-1-30
. L) 011 0-06 0-03-0-18
Brain cortex 12 003 0-03 0-01.0-09 18 0-07 0-07 0-01-0-20
Lung 14 0-08 0-04 0-010-16 15 0-06 0-04 0-02-0-14
Heart 14 0-04 0-02 0-01-0-09 13 016 0-33 0-01-1-30
4 o008 o-09 0-01-0-37
Aorta 11 17 0-24 0-03-0-37 9 0-27 034 0-02.1-10
10 o010 008 003028 8 017 [ 0-02-0-40
Muscie 14 07 008 001028 18 014 o1 0:02-0-43
Fat 9 o114 012 0-02-034 [ 023 020 0-05-0-33
Skin 13 024 03t 0-02-1-90 14 0-46 00 0-02-1-70
o 12 o1t o1t 0-02-0-39
Dense connective tissue 10 0-06 004 0-020-13 13 0-21 013 0-01-0-48
Cartilags 1) (2.} o010 001038 12 [ 21 ] 016 0-02-0-46
Gastrointestioal tract:
Stomach 14 010 010 0-03-0-32 [} 016 012 0-03-0-47
Ci.“'lm 12 o1 013 0-01-0-40 1] 037 0-33 0-07-1-10
Midgut 14 0-10 0-06 0-02-0-24 15 019 011 0-03-0-37

Figures in italics exciude highest values.
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that home neglect may have contributed towards
increased exposure to lead.

Tan:z | shows the combined results of all the
infa=s in the two groups. For the most part only
srna’. differences were found in the mean concentra-
tno~s of lead in the individual tissues in the two
groups of infants. The bopes contained the higher
concentrations but at a much lower level than in
adults, and there was little or no difference in lead
concentrations among types of bone. The lead found
in the infant ribs was ten times less than the mean
concentration found in adult ribs, and in infant tibia
and calvaria was 30-40 times less than in the same
bones in adults (table 4). Most of the infant soft
tissues showed mean concentrations of lead that were
either less than or equivalent to adult values. The
adrenal gland, muscle, fat, and skin had marginally
higher values, but the liver, spleen, kidney, brain,
lung, aorta, dense connective tissue, and cartilage
contained concentrations of lead that were lower
than those found in these same tissues in adults. The
concentrations in the pancreas, thyroid, and gastro-
intestipal tract equated with adult values. The mean
concentration of lead in the blood of both groups
of infants was 0-56 pmoll (11-5 1g/100 ml).

Barry

Table 2 shows the results of comparing the mean
concentrations of lead in the tissues of the 14 still-
births with those in the 15 live births aged less than
12 days. In nearly every tissue, except for the thymus
gland, the mean concentrations of lead were clearly
lower in the stillbirths than in the live births, the
difference between the two groups being confirmed
by analysis of variance at a level of significance of
959 this finding does not support a hypothesis that
might suggest lead as a causal factor in intrauterine
death.

Table 3 shows the mean concentrations of lead in
the tissues of 18 children aged 1-9 years of both
sexes. Causes of death were mostly accidental but
included infections, asthma, epilepsy, cerebral
haemorrhage, and uraemia from hydronephrosis.
The 9-year-old boy who died from a cerebral
haemorrhage was hypertensive, mentally retarded
since infancy, and suffered from idiopathic hyper-
calcaemia for which he had been treated with a low
calcium diet.! The concentrations of lead in his liver
and kidaeys were raised, compared with those in the
same tissues in the other children in the group, but
in the remainder of his tissues, including bone, the
concentrations were comparable.

Table 3 Concentrations of lead in tissues of children (ppm wet weight)
Tissue 13 years 6-9 years 1-9 yeurs
No Meen SD Rangy Ao Mean SO Rewge Ne Mean SO Renge
Blood
{u mol’l) ] 091 0-56 0- 8 060 016 026082 16 075 043 [ .
(/100 mi) 188 118 ] 128 34 50-170 15-6 38 s 0 ) e
Bone: ’
Rid 9 268 160 0)550 9 208 141 0-01-3-90¢ 13 23 1-50 0-01.5-50
Tibia 9 3-79' 184 0374620 8 27 238 0-163-50 17 276 198 0 16-6 20
Calveria [ ] 3-04 203 05163 & 319 261 0449670 16 34 29 04960
Liver 9 0-48 029 014103 9 o074 047 0-05-140 18 06 038 0-08-1-40
Spleen 9 012 006 003023 & 012 0-0% 006022 17 012 005 0-03.0-23
Kidney :
Cortex 9 058 029 014120 8 03s 032 013108 17 03 029 0-13.1-20
Medulla ] 6-37 021 007973 & [ ¥4 0-2¢4 009080 16 037 o 0-07-0-80
Combined 9 - 024 0110809 ¢ 04 028 011093 17 48 026 0-11.0-93
Adrenal 9 0-37 0¥ 00%120 7 o 010 009032 16 00 030 0-09-1-20
7 18 008 003023 14 02 009 0-09-0-32
Pancreas 9 0-31 013 01705 9 03 047 0-08-0-63 13 032 01 0-08.0-68
Thymus 3 0-08 0-0) 003010 1 0-08 4 G038 002 0-03-0-10
“Thyroid 9 0-26 023 008080 8 016 007 0-05-0-2¢ 17 021 018 0-04.0-30
Besin corter 9 -a 0-05 00} 092009 9 008 007 0-03-0-21 18 007 003 0-02-0-21
9 516 J-f1  0-050:36 9 o2 o118 0-08-0-59 18 o119 015 0-03-0-59
Heart 1 4 0-07 003 00301t 8 010 006 002017 17 008 008 0-020-17
Aona 9 0-26 033 004310 8 024 012 007046 17 0285 024 0:04-1-10
[ 4 013 0-09 004031 16 0 on 0-04-0-46
Muscle ] 0-09 010 00203 & 0-08 0-08 002013 16 008 007 0-02-0-30
14 0-08 0085 002016 13 007 00S$ 0-02-0- 16
Fat ] 0-29 028 002074 7 019 o008 0-10.0-30 1S 024 019 0-020-74
Skin 037 028 00406 7 050 o6 0-07-1-30 1S 04 0O & 0-03-1-80
[] 028 025 007070 I¢ 03] 02 004070
Dense connective lissue 3 0-03 004 003015 6 ¢ O 0-02.0-57 11 I8 o8 0-02-0-57
Cartilags ] [ 23] 015 006050 & 016 015 0-05-044 (6 02 o1 0-05-0-44
Gastrointestinal tract:
Stomach ] o1 005 00302 3§ 008 008 003020 16 010 003 0-03-0-20
Caecum s 012 007 004025 8§ o1t 0-06 00402t 16 o1t 0-07 0-04-0-23
Midgut s 17 01S 0040352 8 o1 014 0-05-0:51 16 017 Ole 0-04-0-52

Figures in italics exciude bighest values.
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Concentranions of lead in the tissues of children 65
Table 4 Concentrations of lead in tissues of older children and adulis (ppm wet weight)
Tissue Children, 11-16 years Men Women
Ao Mean SD Range No Mean SD Ranze No Mean SD Range
Blood
(s ol ] o7 040 03138 %) 0-97 058 0-15-382 30 o077 048 0-19-1-98
(48/100 =1 164 82 7-0-28-0 200 12:0 30-790 16-0 10-0 40410
Bone:
Rib & 205 097 1-00-330 60 335 $81 0902850 36 677 508 0852260
Tibia b 268 1-06 1-50-4-40 60 2} 40 15-96 3-00-73-00 36 1599 12-49 1-50-48 00
Calvarua 3 401 328 043900 31 2017 1600  3-90-79.00 17 16-48 13-08 5-00-54-20
4 2 199 0-4)-4-90
Liver 6 057 026 0-260-92 58 103 0-62 0-18-3-13 36 0-68 0-38 0-19-1-72
Spieen H 014 006 0-0%0-2t %9 023 025 00)143 34 0-2¢ 926 004140
37 0-20 0-1s 003082 32 016 009 0-040-39
Kidoey:
Cortex 6 035 024 0-34-100 9 [ ] 0-38 0-15-1-85 23S 0-58 039 010220
Medulla [ 037 014 036065 59 0-50 028 0-13-146 36 [ 3} ] 019 011097
Combined [ 046 019 0-33083 59 0-64 32 Ol&i-40 36 0-46 029 Oit-1-3
Adrenai b o013 009 0040:27 54 018 o1 0-01-062 27 017 oIt 0-05-0-48
Paocreas 6 oM 013 0-190-61 S8 037 0:26 0-09-1:42 36 [ Fed 017 011098
Thyroid b 016 007 0-07-0-26 54 019 0-23 003.1-45 30 021 03 00s1-73
52 015 009 003041 29 013 010 004055
Brain cortet (] 006 004 0-02-0-13 S8 o110 014 002078 3 012 0-1s 001067
36 008 008 002027 32 0-09 008 001034
Lung [] 014 007 0-070-2¢ 9 022 011 0-05-0-59 36 [ +] 012 0-040-53
Heart 6 009 007 003018 %9 007 005 00103 36 0-08 006 00203}
Aorta 6 189 393 0-04-990 12 2-56 349 0-21-1720A 16 17 1-23 0-09-4-20
5 02 03 004065 &2 1-92 247  009-12-70NA 22 -0 264 007-12:20
Muscle 4 007 0-08 0-020-11 13s 0-03 004 0020 29 0-08 00} 001015
Far 4 o2 026 003058 23 0-08 0-08 001040 20 006 004 002016
. 3 009 009 003019
Skin 4 034 028 0-150-70 28 019 014 001060 20 015 a1 0-03-0-42
Deass connective tussue 4 032 04 0-09-1-00 16 0-3) 029 00309 11 37 0-23 0-10-0-86
2 o4 008 0-09.0-20
Cartilage 4 018 008 0-060-2 18 1-29 1-58 005430 12 0-56 053 008-1-73
Gastroiatestioal wacs:
Scomach 4 009 004 004014 N 0-09 003 00)028 26 o1l 010 0-02-0-42
Cascum 4 o o1 006047 32 0-09 006 003027 27 014 014 002068
Midgut 3 o4 007 006-0-18 3t 012 006 005032 27 012 010 003048
Figures 1n italics exclude highest values. A = Atheroma. NA = Nog-athero - ‘/* ek 2
“W g gt

The mean concentrations of lead in the bo
the group aged 1-9 years were about
greater than in the infants aged up to
The mean concentrations in most of the soft tlssues
equated with adult values, except in the spleen, aorta,
cartilage, and connective tissue, where the concen-
trations were lower, and in the adrenal gland, fat.
ind skin, where they were higher. Most of the soft
tissue results were higher than in the infant group,
and the mean blood lead conceatration was 0-75
pmol/l (15-6 ng/100 ml).

The group aged 1-9 was further divided into those
aged 1-5, which would include any child prone to
pica, and those aged 69 as a “postpica” grou
(table 3). No difference was oburved in the lud
concentrations m the bod

not reflected in their other body tmm. Pombly
excretory mechanisms may have regulated the lead
in their tissues at a low concentration or some of the
blood samples may have been contaminated. Since
evidence of history of pica was not sought and in

——— s — - —— - -

view of the small numbers in each group any explana-
tion for the blood lead difference can only be
speculative.

Table 4 shows the concentrations of lead found in
the tissues of the small group of six boys aged 11-16.
Causes of death were cerebral haemorrhage asso-
ciated with a cerebral tumour, meningococcal septi-
caemia in a child with congenital heart disease,
pneumococcal meningitis, viral pneumonia in an
ideopathic epileptic, and skull fracture with a sub-
dural haematoma. In the last case, a boy of 13, lead
poisoning was suspected as he had been burning lead
batteries and for three days had experienced head-
aches before he went into coma before his death.
The concentrations of lead found in his tissues were
not excessive, and the cause of death was almost
certainly accidental because, although there was no
recorded history of trauma, at necropsy he was found
to have a hairline fracture of the skull with a subdural
haematoma.

The mean concentrations of lead in the various
types of bones of the children aged 11-16 did not
differ to any material extent from those fouad in the
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bones of children aged 1-9. The differences in lead
concentrations seen in different types of aduit bones
were not apparent in the group aged 11-16; aiso the
mean concentrations were three to seven times less
than those observed in the bones of women (table
4). Although the mean concentrations were about
three times greater than in the infant group, there
was no clear evidence of increase of lead in the bones
with age in the older group of children (fig 1). Thus
bone probably does not accumulate lead to any
great extent in either sex until after the growing
phase has ceased, at about the end of the second
decade of life.

The concentrations of lead in the soft tissues of
the group aged 11-16 were similar to those found in
the group of children aged 1-9 (table 3) and did not
differ substantially from female adult values (table 4).
Owing to age-related regression no samples of the
thymus gland were obtained after the first decade of
life. The mean concentration of lead in the blood of
the group aged 11-16 was 0-79 umol/1 (16-4 ug/ 100 ml),
which corresponded very closely to the female adult
mean value of 0-77 umol/l (16-0 ug/100 mi),

The mean concentrations of Jead in the bones of
infants aged under 1 were compared with those of
children aged 1-16, as well as with those of men and
woren, on ajwet- ~Wel of
measurement. values for
ash-weight than for wet-weight messurement, as
would be expected and has been reported in other
studies.?- In the infant age group the ribs contained
higher concentrations of lead than the tibia and
calvaria, but this did not apply in the older children.

The ratios between the lead concentrations in the
various types of bone in terms of wet weight and

Nt e . e ey L ek ———— - = e . —— -

ashed weight were similar for the group aged l 16
and the women. Theg ratio in the ribs of bath g

was the same n the tibia it
respectively the calvaria
ratios in the were 37 for sib,

pomonately

groups at COX
calvaria. It might have
have been no ratio differences in the bones of the
infants, in contrast to adults and older children, by
reason of uniformity of haemopoietic function and
vascularity in the infant skeleton. That this was not
so suggests that the pattern of deposition of lead in
the bones of infants may not be greatly dissimilar
from that in adults.

In figs 2-5 the distributions of the results in some
of the tissues of the stillbirths and in the infants
aged uader 1 4re comparzd on wet-weight measure-
ment with those of children aged 1-16. In some of
the infant tissues the results were skewed towards
low concentrations of lead, whereas in the children
aged 1-16 they were more evenly distributed across
a wider range of concentrations. This implies that
lead concentrations rose with age but in some tissues
reached a plateau in the group aged 1-16. It is
known, however, that in the case of the bones and
aorta concentrations of lead continue to increase
with age.$

The kidney and the liver (fig 3) showed a similar
pattern of distribution to the bones (fig 2) in each

~ . 88 —— T . e e — . S ~ .
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=16 years of age
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Fig 2 Distribution of results in ribs, tibias, and
calvarias of children.

age group, albeit at different concentrations, as also
did the lung (fig 4). In the fat and brain (fig 4) and
the aorta, muscle, and heart (fig 5) the concentra-
tions of lead and the patterns of distribution varied,
but were such as to suggest no obvious difference
between the two age groups of children. Cartilage,
dense connective tissue, and skin in each age group
showed similar patterns of distribution of lead to the
tissues shown in figs 2 and 3 and in the lung (fig 4),
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Fig 4 Distribution of results in lungs, brains, and fat of
children.

whereas the endocrine glands, blood, spleen, and the
gastrointestinal tract showed patterns of distribution
similar to the fat and brain (fig 4) and to the tissues
(fig ).

Irrespective of age the blood and the spleen
showed similar distribution configurations, as also
did the endocrine glands, but the brain and fat,
which might have been expected to be similar,

<i year of oge 1-18 years ot age
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§ 0 - —L Fig 3 Distribution of resxits in kidneys
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differed in that the concentrations of lead were less Comparison with other studies

in brain than in fat, suggesting a possible influence
of the blood-brain barrier. There was also a variable
distribution of lead in the gastrointestinal tract, but
the muscle and heart were similar and differed from
the aorta, in which the distribution of resuits was
more evenly spread over a wider range of Jead
concentrations.

Table 5 shows the resuits of assessing the concen-
trations of lead in the tissues of the infant group of
children, ranging from stillbirth to 11 months of age,
for potential differences by sex. Marginally higher
concentrations were observed in the liver, spleen,
kidney, thymus gland, lung, and heart in the girls,
but the boys showed higher concentrations in fat and
skin. The differences were not considered to be of
significant proportions.

To determine whether there was a time-related
difference, the stillbirths and those infants aged
under | year were assessed in groups 0 correspond
to the years in which the tissue samples were col-
lected. The results indicated a close correlation for
the years 1965-8 and 1979. No sampies were obtained
between 1968 and 1975, but in some of the tissues
analysed between 1975 and 1978 (such as the spleen,
kidney, endocrine glands, aorta, skin, and gastro-
intestinal tract) the average concentrations of lead
were found to be higher than in the years before and
after this period. The differences were small, as also
were the numbers of samples obtained in each year,
at less than 10 per tissue. Within the framework of
the data there was no clear evidence to suggest that
overall exposure to lead had altered in the course of
a tme-span extending over more than a decade.

The number of studies published on the lead content
in the tissues of children have been relatively few.

BONES

Barth? found lower conceatrations of lead on ash
weight in the bones of 10 infants of average age 4
months than in adult bones, which did not differ
substantially from the results reported here.

Weyrauch and Muller® and Grandjean?® found the
concentrations of lead in the vertebrae of children
to be about half those of adult values, whereas
Holtzman er al'® found the concentrations to be
one-fifth of adult values.

In the ribs of children two investigations showed
concentrations of lead that were one-sixth of adult
valuesioil but higher concentrations, which
approached those cf aduit values, were found by
other investigators.12-1#

The concentrations of lead found in the cortical
bones of children by Krause!* and Weinig and
Borner!? were considerably lower than those found
in the cortical bones of adults. Higher concentrations,
although still lower than those of aduit values, were
repocted in some other studies.1013-18

As in the resuits reported in this study, Henderson
and Inglis'® found little difference in the lead con-
cenatrations in trabecular and cortical bones in chil-
dren, but Nusbaum er a/'* and Holtzman er al1®
found that the cortical bones contained the higher
concentrations.

Hansmann and Perry!? found higher concentra-
tions of lead in the ribs of fetuses than in those of
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Table S Concentranons of lead in tissues of maole and female infonts aged under | year (ppm wet weight)

Tissue Boys Girls
No Moeon SD Range No Mean SD Ronge
Blood
{u molil) 23 0-58 0-32 0-20-1-21 18 0-52 031 0-05-1-38
(g/100mD) 120 67 4-2-23-0 108 63 11-28-0
Rib 28 083 078 0-03-2:90 21 (%5’ 1-30 0-01-5-40
20 / 08 0-01-2-71
Tibia 27 0-3) 0-43 0-02-1-90 18 T 086 0-21-4-00
” : @ 034 02134
Calvana b3} 0-62 0- 0-06-2-10 16 0-30 0-22-1-81
Liver b o-14 0-07 0-03-0-37 21 038 0-50 0-03.2-10
19 024 020 0-05-0-84
Sp 27 [ J k] 12 0-03-0-54 21 017 016 0-02-0-54
Kidney:
Cortex 2 012 o0 0-01-0-36 15 032 036 0-07-2-30
14 o132 L21] 0-07-0-47
Medulls 2 011 007 0-01-0-26 1s 017 o018 0-01-0-54
14 o4 o1 0-010-31
Combined 28 o11 o7 0-02-0-28 2 0-20 0-30 0-03.1-42
20 o013 o-10 003-0-37
Adrenal 2 [+ ¥ ) [ 2] 0-01-1-60 17 [ 22} 023 0-03-0-82
21 017 o3 001053 13 o016 012 003-0-46
Pancreas 16 0-2¢4 016 0-02-0-5) 16 033 0-60 0-01-2-50
15 o018 o-16 0-01-0-56
Thymus 16 008 0-08 0-01-0-21 14 17 020 0-02-0-T8
1 012 o010 002036
Thyroid . 14 [ > 1 [ ) 0-01-1-30 [§] 0-20 026 0-01-1-10
12 o0 oo 0-010-22 14 o014 0-09 00107
Brain cortex be) 0-06 0-07 0-01-0:34 19 0-06 006 0-01.0-20
2 003 0-0¢ 001018
Lung b } 0-03 [0 2] 001014 a1 o-08 0-04 0020-18
Heant 21 0-08 007 0901-0-37 20 012 on 0-01.1-30
7 004 002 0-01-0-09 9 008 005 0-0(-0-19
Aorta 18 020 0-26 0-03-1-10 16 *n [ -3 002087
17 o4 o3 0-03-0-40 1 o-17 o-13 002048
Muscie 7 010 o-10 0-01.0-36 19 o0 o111 0-01-0-48
19 007 006 001020
Fat 12 018 [ 31 0-03.0-35 13 014 011 001.0-34
Skin 24 [ 2]} [ 2] 0-02-1-90 17 on 0-42 001-1-70
23 0-26 o-19 0-02.0-65 16 o019 020 0-010-63
Dense connective tissus 21 ole 012 0-01-0-48 15 o1l 012 0-02-0-43
Cartilags 53 013 o 0-01-0-46 17 [ 244 0% 0-02-2:10
) 16 o013 o015 0-020-50
Gastrointestinal tract:
Stomach 28 o1 0-09 0-01-0-32 19 010 10 0-03-0-47
8 007 o005 001019
Cascum 2 *20 0-28 0-01-1-10 17 17 o119 0-010-78
2! 4 ] o-M 001038 16 o-14 o2 0-010-40
Midgut 7 013 0-09 0-02.0-37 . 19 ot 0-09 0-02.0-36

Figures in italics exclude highest values.

children, but other studies!$ 1* have found low con-
centrations in fetal cortical bones that were not
dissimilar from the resuits in infant bones reported
here. Horiuchi er al'* and Barltrop®® showed an
increase in Jead concentrations in the cortical bones
with fetal maturity after the twentieth week of gesta-
tion. Casey and Robinson?! found mean dry-weight
concentrations of lead in fetal vertebras which, on
conversion to wet weight, were similar to the con-
centrations found in the bones in the infant group
reported in this study.

Bryce-Smith er al?* found mean concentrations of
lead in the ribs of 26 stillbirths that were about nine
times those found in the ribs of the stillbirths in this
study; lower values than those reported here for the

same age range were found in six infants aged from
6 weeks to 10 months. It was implied that lead may
have had some bearing on the cause of the stillbirths,
although it was acknowledged by the authors that
other potential causes had not been excluded.

SOFT TISSUES

Horiuchi er a'® and Barltrop?® showed the influence
of fetal maturity on the lead content in the liver, both
the concentration and total content increasing with
fetal development after the twentieth week of
gestation. The mean concentrations reported by
Horiuchi!? in the liver, kidney, lung, and muscle
were higher than those found in the study reported
here in stillbirths and neonatal infants, but lower in
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the spleen and comparable in the lung, brain, and
heart.

The concentrations of lead found by Schroeder
and Tipton!! in 22 fetal samples of aorta, liver,
kidney, lung, brain, and heart were either lower than
or similar to those found in adults. Measurement
was by ash weight, which in soft tissues would give
results some S0-100 times greater than by wet-weight
measurement.®* Hansmann and Perry!2 found con-
centrations of lead in the liver that were comparable
in the fetus and in children, measured on dry weight
of tissue. Their resuits, on conversion to wet weight
by twofold division, gave values greatly exceeding
some other investigators, including Grandjean,® who
measured the dry-weight concentrations of lead in
the livers of six children, which, on conversion to
wet weight, gave results similar to those reported
here. Zaworski and Oyasu?® showed lower concen-
trations of lead in the brains of children than in those
of adults, although the values in both were higher
than those recorded in this report.

In a study by Casey and Robinson?! on the con-
centrations of several metals found in dry weight of
fetal tissues, the mean values for lead in the liver
and kidney were similar, on conversion to wet
weight, to the values reported here in the infant
group, but were greater in the brain, heart, lung,
and skeletal muscle, which approximated to adult
values; the analytical limit for the detection of lead
in the tissues was reported as 0-]1 ppm dry weight,
which might suggest a limitation in analytical
capability.

Conclusions

In this study the mean concentrations of lead in the
tissues of infants were found to be less than in older
children, or in adults, and less in stillbirths than in
neonatal live births. This suggests that prenatal and
neonatal infants are less exposed to lead than at
later stages in life and that the disease factors re-
sponsible for the deaths of the infants did not appear
to influence, or to be influenced by, the presence of
lead in their tissues. It" would seem probable that
there may be an element of placental function that
reduces the transfer of lead from the mother to the
fetus. This supposition is supported in a study by
Baglan er al,» which showed a higher concentration
of lead in the placenta than in maternal or fetal
blood and a higher concentration in maternal than in
fetal blood.

Although the concentrations ofilead in the bones
of infants were lower than in older children m-m—'

adults, the patterns of distribution of lead in the
bones between the age groups appeared to differ
little, as shown by the ratio of ash-weight and wet-
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weight measurement.

No sex-related difference was observed in the
tissue lead concentrations in infants, in contrast to
men and women, and, over more than a decade, no
change to suggest a time-reiated trend in lead con-
centrations was noted in their tissues.

Although the data do not give information on the
question of sensitivity to lead they do suggest that
the mechanism for the uptake of lead in most infants
and older children does not differ fundamentally
from that in adults. If, on a dose-related basis, young
children absorbed and retained appreciably more
lead than adults, thea it would be reasonable to
expect to have found more lead in their tissues. That
this was not confirmed suggests that either (1) there
is no basic physiological difference between children
and aduits, (2) the excretory mechanisms in children
are more effective, or (3) their exposure to lead is less
than that of adults. The data imply that infant
exposure to lead had been less than in adulis, but
that in older children exposure approximated to
adult levels, and also that any physiological dif-
ferences, such as greater intestinal absorption but
more rapid excretion as suggested by Ziegler er a/,2%
were probably in balance.

The results of this investigation, which for the
most part gave low mean concentrations of lead in
the tissues examined, relative to adults, did not
suggest that the children, drawn from a heavily
populated and highly industrialised area of Britain,
had experienced excessive exposure to lead.

Data charts not published in this paper are avail-
able on request.
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Limited wt ~ undertook the anaiytical work, Mr W
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samples, Mr F Murray and Mrs D E Lowe for data
assembly and secretarial help, Dr D Turner for
advice on presentation of the data; and Mr J Church
for his statistical appraisal.
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